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(54) OPTICAL DEVICE, EXPOSURE SYSTEM, AND LASER BEAM SOURCE, AND GAS FEED 
METHOD, EXPOSURE METHOD, AND DEVICE MANUFACTURING METHOD 



(57) An opticai apparatus, an exposure apparatus, 
and a laser light source maintain a satisfactory worlcing 
environment during maintenance, an abnomnal state, or 
the like, and suppress clouding of optical elements. An 
inert gas supply system (33) and a dry air supply system 
(35) are selectively connected to a first lens barrel (46) 
and a second lens barrel (48) of an exposure apparatus 
main body (11) and a light source chamber (16) of a la- 
ser apparatus (12). Oxygen sensors (78, 42) for meas- 
uring oxygen concentration and exhaust volume moni- 



tors (77, 41) for detecting the exhaust volume of an ex- 
haust duct (40) are arranged in a chamber (45) of the 
exposure apparatus main body (1 1 ) and a chamber (1 5) 
of the laser apparatus (12). When at least one of the 
oxygen concentrations detected by the oxygen sensors 
{78, 42) and the exhaust volume detected by the ex- 
haust volume monitors (77, 41) falls below a predeter- 
mined value, the purge gas supplied to the first and sec- 
ond lens barrels (45, 46) and the light source chamber 
(1 6) is switched from inert gas to dry air. 
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D scription 

Technical Field 

[0001] The present Invention relates to an optical ap- 
paratus accomnnodating various kinds of optical ele- 
ments. More particularly, the present Invention relates 
to an exposure apparatus used in the photolithography 
process for manufacturing, for example, micro devices, 
such as, semiconductor devices, liquid crystal display 
devices, Image pick-up devices, or thin film magnetic 
heads, and to a laser light source used in the exposure 
apparatus, a gas supply method, an exposure method, 
and a device manufacturing method. 

Background Art 

[0002] An exposure apparatus is equipped with a light 
sourc emitting exposure light having a predetermined 
wavelength, an illumination system illuminating a mask 
with the exposure light, and a projection optical system 
for projecting a circuit formed on the mask onto a sub- 
strate based on the illumination of the Illumination sys- 
tem. In each lens barrel of the light source, the illumina- 
tion system, and the optical projection system, a plurality 
of optical elements such as lenses, min-ors, or filters, 
are accommodated. 

[0003] The exposure apparatus is arranged in an air- 
conditioned environment that is maintained at a prede- 
termined temperature and humidity. This maintains con- 
stant environmental conditions during exposure. A small 
amount of contaminants, such as organic silicides and 
ammonium bases, is present in the atmosphere of a 
clean room of a micro device plant in which the exposure 
apparatus is operated. If such contaminants enter the 
exposure apparatus and the lens barrels, the contami- 
nants adhere to the surfaces of the optical elements and 
cloud the optical elements. An exposure apparatus pro- 
vided with a mechanism to purge the interior of the bar- 
rels with gas, such as air, from which the contaminants 
have been removed has been proposed to prevent 
clouding. 

[0004] The recent trend to develop finer semiconduc- 
tor integrated circuits has resulted in a stronger demand 
for an exposure apparatus having a finer resolution. In 
response to such demand, light sources having a short- 
er wavelength, for example, an i-!lne (A.=365nm), a KrF 
xcimer laser {X =248nm), still further, an ArF excimer 
las r (A.=193nm), and an F2 excimer laser (X =157nm), 
are now being used for exposure light in place of. for 
example, the g-line (X.=436nm), which was widely used 
in the prior art. In an exposure apparatus using the KrF 
excimer laser as exposure light, moisture within the lens 
barrels may cloud the optical elements. Thus, the lens 
barrels are purged with a gas, such as air, the moisture 
content of which is lower than a predetermined level. 
[0005] in exposure light having a wavelength equal to 
or less than that of the ArF excimer laser light, the over- 



lapped portion between the emission spectrum of the 
exposure light and the absorption spectrum of oxygen 
in the atmosphere increases. In such case, as the ex- 
posure light passes through the oxygen, the oxygen ab- 

5 sorbs the energy of the exposure light. This significantly 
attenuates the energy amount and produces ozone 
through photochemical reaction. Therefore, when ultra- 
short-wavelength exposure light is applied, the lens bar- 
rel interior is purged with, for example, nitrogen gas to 

10 supply the substrate with a stable exposure energy 
amount and prevent the optical elements from clouding. 
Further, the lens barrels are connected to an exhaust 
duct in a micro device plant, and the nitrogen gas used 
as ambient gas In the barrels is discharged from the 

IS plant. 

[0006] A shutter, which is provided on the exposure 
apparatus housings (e.g., a main chamber accommo- 
dating the exposure apparatus main body, a laser cham- 
ber accommodating a laser source), needs to be 

20 opened when exchanging masks or wafers and when 
replacing optical elements for maintenance. In this situ- 
ation, when the lens barrels are purged with nitrogen 
gas, a decrease in the hemneticity of the barrels may 
cause the nitrogen gas to leak from the lens barrels into 

25 the housings and be discharged into the clean room. 
[0007] Further, when the exhaust duct has a deficien- 
cy and its exhaust capability is low, the nitrogen gas ex- 
hausted from the plant flows backward to the housings 
of the exposure apparatus and may further leak into the 

30 clean room. Such situations may deteriorate the working 
environment in the clean room. 
[0008] When power supply to the exposure apparatus 
and to the exhaust duct is shut off because of a power 
outage or a shutdown, the purge gas supply mechanism 

35 is also stopped. In this case, the contaminants in the 
atmosphere of the clean room cannot be prevented from 
entering the lens barrels and may cloud the optical ele- 
ments. 

[0009] A first object of the present invention is to pro- 
40 vide an optical apparatus, an exposure apparatus, and 
a laser light source that maintains asatisfactory working 
environment during, for example, maintenance or trans- 
portation of the exposure apparatus and during abnor- 
mal conditions of the exposure apparatus and the ex- 
45 haust apparatus. 

[0010] A second object of the present invention is to 
provide an optical apparatus, an exposure apparatus, 
and a laser light source that suppress clouding of the 
optical elements resulting from a shutdown of the expo- 
se sure apparatus and the exhaust apparatus. 

Disclosure of the Invention 

[0011] A first mode of th pr s nt invention provides 
55 an optical apparatus including an airtight chamber for 
accommodating optical elements. The optical appara- 
tus includes a first purge mechanism for supplying a first 
gas into the airtight chamber, a second purge mecha- 
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nism for supplying a second gas having a connposition 
differing from the first gas into the airtight chamber, an 
operation condition detecting mechanism for detecting 
an operation condition of the optical apparatus, and a 
control apparatus for selectively connecting the airtight 
chamber to the first purge mechanism or the second 
purge mechanism based on a detection result of the op- 
eration condition detecting mechanism. Thus, the purge 
gas appropriate for the operation conditions is selective- 
ly supplied into the airtight chamber based on the de- 
tection results of the operation condition detecting 
mechanism. 

[0012] The optical apparatus further includes a light 
source for emitting illumination light. Further, the light 
source may be an excimer laser light source for emitting 
excimer laser light. In this case, the excimer light, which 
provides high energy light and tends to cloud the optical 
elements and requires purge gas to be used under strict- 

r conditions, is effective. 
[001 3] Also, the optical apparatus may further include 
an illumination optical system having a plurality of opti- 
cal elements and illuminating a mask with illumination 
light, and at least some of the plurality of optical ele- 
ments of the illumination optical system may be accom- 
modated in the airtight chamber. In this case, temporal 
changes in the intensity on the mask of illumination light 
emitted from the illumination optical system are sup- 
pressed, and a more accurate mask pattern transfer- 

nce results. 

[0014] Further, the optical apparatus may further in- 
clude a projection optical system that projects at least 
part of the pattern formed on the mask onto a substrate. 
In this case, temporal changes in the pattern image in- 
tensity are suppressed, and a more accurate mask pat- 
tern transference results. 

[0015] Further, it is preferred that the first gas be inert 
gas and that the second gas be oxygen, the concentra- 
tion which is at least the same as that in the atmosphere, 
or mixed gas containing oxygen. In this case, by sup- 
plying the inert gas into the airtight chamber during nor- 
mal mode exposure operation, contaminants and oxy- 
gen are removed from the airtight chamber, and cloud- 
ing of the optical elements is suppressed. On the other 
hand, by supplying the purge gas containing oxygen into 
the airtight chamber during maintenance or abnormal 
conditions, or the like of the optical apparatus, a satis- 
factory working environment is maintained even when 
the hermeticity of the airtight chamber is decreased. 
[0016] Further, the optical apparatus may include a 
cleaning apparatus arranged in a flow path of the first 
gas and the second gas to remove impurities from the 
gases. The purge gas supplied into the airtight chamber 
is always kept clean by the cleaning apparatus, and 
clouding of the optical elements is suppressed. 
[0017] Furth r, the optical apparatus includes a hous- 
ing for accommodating the airtight chamber, the opera- 
tion condition detecting mechanism includes an nvi- 
ronment monitoring means for detecting the concentra- 



4 

tion of predetermined gas inside or outside the housing, 
and the control apparatus switches the purge mecha- 
nism connected to the airtight chamber from the first 
purge mechanism to the second purge mechanism 

5 based on the detection results of the environment mon- 
itoring means when the concentration of the predeter- 
mined gas falls below a predetemiined value. In this 
case, by using, for example, an oxygen sensor as the 
environment monitoring means to detect the oxygen 

10 concentration, the oxygen concentration in the housing 
or in the clean room in which the optical apparatus is 
installed may be controlled. Thus, a satisfactory working 
environment is maintained. 

[0018] Further, the optical apparatus includes an ex- 

15 haust apparatus connected to the airtight chamber, the 
operation condition detecting mechanism includes an 
exhaust monitoring means for detecting the exhaust ef- 
ficiency of the exhaust apparatus, and the control appa- 
ratus switches the purge melchanism connected to the 

20 airtight chamber from the first purge mechanism to the 
second purge mechanism based on the detection re- 
sults of the exhaust monitoring means when the exhaust 
volume falls below a predetermined value. In this case, 
because the use of the first gas Is stopped when an ab- 

25 normality of the exhaust apparatus is detected, a satis- 
factory working environment is maintained, 
[0019] When at least one of the operation condition 
detecting mechanism and the control apparatus is de- 
activated, the purge mechanism connected to the air- 

30 tight chamber is switched from the first purge mecha- 
nism to the second purge mechanism. In this case, be- 
cause the use of the first gas is stopped when the optical 
apparatus is not operated, a satisfactory working envi- 
ronment is maintained, 

35 [0020] Further, the control apparatus may connect the 
first purge mechanism to the airtight chamber when the 
optical apparatus operates and the control apparatus 
may connect the second purge mechanism to the air- 
tight chamber when a condition for using the first gas is 

40 not satisfied. In this case, the first gas is supplied into 
the airtight chamber during normal operation, and the 
second gas is supplied into the airtight chamber during 
maintenance or under abnormal conditions or the like of 
the optical apparatus. 

45 [0021] Further, when part of the housing accommo- 
dating the airtight chamber Is In an opened state, when 
the power supply of the optical apparatus is off, or when 
the optical apparatus is being transported, assembled, 
or adjusted, the second purge mechanism may be con- 

so nected to the airtight chamber. In this case, because the 
second gas Is supplied into the airtight chamber during 
maintenance of the optical apparatus, exchange of 
masks, substrates, or the like, and a non-operating 
state, transportation, assembly, or adjustment, a satls- 

55 factory working environment is maintained. 

[0022] Further, the optical apparatus may include a 
holding means that stores and holds the second gas. In 
this case, the inside of the airtight chamber may be 
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purged with the second gas even when the second gas 
cannot be supplied to the optical apparatus from a fac- 
tory utility plant during, for example, the transportation 
or assembly of the optical apparatus. 
[0023] A second mode of the present invention pro- 
vides an exposure apparatus that transfers a mask pat- 
tern onto a substrate. The exposure apparatus includes 
a light source for emitting illumination light, an airtight 
chamber accommodating at least some of a plurality of 
optical elements disposed between the light source and 
the substrate, a first purge mechanism for supplying first 
gas Into the airtight chamber, a second purge mecha- 
nism for supplying second gas having a composition dif- 
fering from the first gas into the airtight chamber, an op- 
eration condition detecting mechanism for detecting the 
operation conditions of the exposure apparatus, and a 
control apparatus for selectively connecting the airtight 
chamber to the first purge mechanism or the second 
purge mechanism based on the detection results of the 
operation condition detecting mechanism. Because 
contaminants in the airtight chamber accommodating 
the optical elements of the exposure apparatus are re- 
moved by the first or second gas, the clouding of the 
optical elements is suppressed. Thus, degradation of 
the accuracy and efficiency of the mask pattern trans- 
ference operation onto the substrate is avoided. Further, 
a satisfactory working environment is maintained when 
masks and substrates are exchanged and during main- 
tenance, or the like. 

[0024] Further, theairtightchambermay include afirst 
airtight chamber for accommodating the optical ele- 
ments in the light source, a second airtight chamber for 
accommodating at least one optical element disposed 
between the light source and the mask, and a third air- 
tight chamber for accommodating at least one of the op- 
tical elements disposed between the mask and the sub- 
strate. In this case, the clouding of respective optical el- 
ements disposed in the light source, between the light 
source and the mask, and between the mask and the 
substrate is suppressed. 

[0025] The exposure apparatus may include a recov- 
ering apparatus for recovering the first gas through at 
least one of the housing in which the airtight chamber is 
accommodated, the first airtight chamber, the second 
airtight chamber, and the third airtight chamber. In this 
case, the first gas supplied to the airtight chamber is re- 
covered by the recovering apparatus. By reusing the re- 
covered first gas, the running cost of the exposure ap- 
paratus is reduced. 

[0026] The second gas may be chemically clean dry 
air. In this case, when the illumination light does not pass 
through the airtight chamber, the airtight chamber is 
purged with the chemically clean dry air. Thus, the ad- 
hesion or deposition of contaminants on the surface of 
each optical element in the airtight chamber is preclud- 
ed. 

[0027] Further, the exposure apparatus may further 
include a sensor for detecting the concentration of either 



one of the first gas or oxygen in the airtight chamber, 
and a light emission control apparatus for controlling the 
light source based on the output of the sensor. In this 
case, in accordance with the concentration of the first 

5 gas or oxygen in the airtight chamber, for example, the 
status of the light source, the emission of the Illumination 
light, or the like may be controlled. 
[0028] Further, the sensor may detect the oxygen 
concentration, and the light emission control apparatus 

10 may prohibit the emission of the illumination light from 
the light source until the oxygen concentration becomes 
less than or equal to a predetermined value. In this case, 
the emission of the illumination llghtfromthe light source 
is prohibited until, for example, the inside of the airtight 

15 Chamber is sufficiently purged with the first gas. 

[0029] The airtight chamber may Include a plurality of 
airtight chambers disposed in a light path of the illumi- 
nation light, a plurality of sensors may be provided in 
each of the plurality of airtight chambers, and the light 

20 emission control apparatus may control the light source 
based on outputs of the plurality of sensors. In this case, 
in accordance with the concentration of, for example, 
oxygen in each airtight chamber, the status of the light 
source such as the emission of the illumination light can 

25 be controlled. 

[0030] The exposure apparatus may further include 
an illumination optical system for illuminating the mask 
with the illumination light, a projection optical system for 
projecting at least part of the mask pattern, which is 11- 

30 lumlnated with the illumination light, onto the substrate, 
and a transmission system disposed between the light 
source and the illumination optical system. Further, the 
plurality of airtight chambers may Include at least one of 
a first airtight chamber provided in the light source, a 

35 second airtight chamber accommodating at least some 
of optical elements forming the illumination optical sys- 
tem, a third airtight chamber accommodating at least 
some of optical elements fomning the projection optical 
system, and a fourth airtight chamber accommodating 

40 at least some of optical elements f omning the transmis- 
sion system. In this case, the optical elements in the light 
source, at least some of the optical elements of the illu- 
mination optical system, some of the optical elements 
of the projection optical system, and some of the optical 

45 elements of the transmission system may be unitized. 
[0031] Further, the exposure apparatus may include 
an illumination optical system illuminating the mask with 
the illumination light, the airtight chamber may include 
at least two airtight chambers accommodating optical 

50 elements of the illumination optical system, and that the 
at least two airtight chambers may each be provided 
with a sensor. In this case, for example, an illumination 
optical system including a movable portion such as a 
reticle blind or the lik may b divided into at least two 

55 airtight chambers, on on each side of the movabi por- 
tion. 

[0032] Further the control apparatus may connect the 
airtight chamber to the second purge mechanism in or- 
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der to supply the second gas Into the airtight chamber 
when the emission of the illumination light from the light 
source is interrupted or stopped. In this case, when the 
emission of the Illumination light from the light source is 
interrupted or stopped due to, for example, power out- 5 
age, a long shutdown, maintenance, orthe lil<e, leakage 
of the first gas from the airtight chamber is prevented. 
Further, since the airtight chamber is purged with the 
second gas, contaminants do not deposit on the optical 
elements. 

[0033] Further, the exposure apparatus may include 
a housing accommodating the airtight chamber and an 
exhaust apparatus connected to the housing and oper- 
ated when the second gas is suppi led. In this case, when 
the purge gas in the airtight chamber is switched to the 
second gas for maintenance or the like, , the exhaust 
apparatus Is opened, and the first gas remaining in the 
airtight chamber and the housing is discharged exter- 
nally by the exhaust apparatus. 

[0034] Further, the exposure apparatus may further 
include an environment sensor for detecting the envi- 
ronment in the housing, and the exhaust apparatus may 
be controlled based on the output of the environment 
sensor. In this case, in accordance with the status of the 
environment In the housing such as the concentration 
of oxygen, the status of the light source such as the 
emission of the illumination light may be controlled. 
[0035] Further, the housing may include either a first 
chamber for accommodating the light source or a sec- 
ond chamber for accommodating the exposure appara- 
tus main body. In this case, the airtight chamber of the 
light source is enclosed In the first chamber, and the air- 
tight chamber of the exposure apparatus is enclosed in 
the second chamber. Thus, the purge gas in each air- 
tight chamber is not directly discharged from the cham- 
ber into an installation environment such as a clean 
room. 

[0036] A third mode of the present invention provides 
a laser light source used in an exposure apparatus that 
transfers a mask pattern onto a substrate. The laser light 
source includes a tank for storing a second gas, which 
has a composition differing from a first gas that is sup- 
plied during the operation of the exposure apparatus, 
and piping for introducing the second gas into the laser 
light source when the laser light source is separated 
from the exposure apparatus. In this case, the laser light 
source is filled with the second gas when the laser light 
source is transported or separated from the exposure 
apparatus. Thus, the deposition of contaminants on the 
surfaces of optical elements disposed in the laser light 
source is avoided. 

[0037] A fourth mode of the present invention pro- 
vides a gas supply method for supplying a predeter- 
mined gas to an airtight chamber, which accommodates 
optical elements and is disposed in an optical appara- 
tus. The method detects th operation condition of the 
optical apparatus, and selectively supplies the airtight 
chamber with a first gas or a second gas. the composi- 



tion of which differs from the first gas, as the predeter- 
mined gas based on the detection result. 
[0038] The first gas may be inert gas, and the second 
gas may be oxygen, which has at least the same con- 
centration as that in the atmosphere, or mixed gas, 
which contains oxygen. 

[0039] The optical apparatus may include a housing 
accommodating the airtight chamber, the gas concen- 
tration in the inside or outside of the housing may be 
detected, and, based on the results of the detection, the 
first gas is supplied to the airtight chamber when the gas 
concentration exceeds a predetermined value, and the 
second gas is supplied to the airtight chamber when the 
gas concentration falls below the predetermined value. 
[0040] The optical apparatus may include an exhaust 
apparatus connected to the airtight chamber, the ex- 
haust volume of the exhaust apparatus may be detect- 
ed, the first gas may be supplied to the airtight chamber 
when the exhaust volume is greater than or equal to a 
predetermined value, and the second gas may be sup- 
plied to the airtight chamber when the exhaust volume 
falls below the predetemnined value. 
[0041] The first gas may be supplied to the airtight 
chamber when the optical apparatus is operated. 
[0042] The second gas may be supplied to the airtight 
chamber when the airtight chamber or a part of a hous- 
ing accommodating the airtight chamber is opened or 
when the power supply of the optical apparatus is off. 
[0043] The optical apparatus may include an illumina- 
tion optical system for illuminating the mask with illumi- 
nation light from a light source, a projection optical sys- 
tem projecting at least part of a pattern of the mask illu- 
minated with the illumination light onto a photosensitive 
substrate, and a transmission system disposed be- 
tween the light source and the illumination optical sys- 
tem , and the airtight chamber may be provided in at least 
one of the illumination system, the projection optical sys- 
tem, and the transmission system. 
[0044] A fifth mode of the present invention provides 
an exposure method for projecting a pattern of a mask 
onto a substrate using the gas supply method of the 
above fourth mode. 

[0045] A sixth mode of the present invention provides 
an exposure method for projecting a pattern fomned on 
a mask onto a substrate. The method supplies the first 
gas to the airtight chamber using the gas supply method 
of the above fourth mode before projecting the pattern 
onto the substrate. 

[0046] A seventh mode of the present invention pro- 
vides a device manufacturing method including a step 
for projecting a pattern formed on a mask onto a sub- 
strate. The method supplies the first gas to the airtight 
chamber using the gas supply method of the above 
fourth mode before projecting th pattern onto the sub- 
strate. 
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Brief Description of the Drawings 
[0047] 

FIG. 1 is a schematic diagram Illustrating the struc- 
ture of an exposure apparatus and a laser appara- 
tus according to a first embodiment of the present 
invention. 

FIG. 2 is a schematic diagram illustrating the struc- 
ture of an exposure apparatus and a laser appara- 
tus according to a second embodiment of the 
present invention. 

FIG. 3 is a schematic diagram illustrating the struc- 
ture of an exposure apparatus and a laser appara- 
tus according to a third embodiment of the present 
invention. 

FIG. 4 is a schematic diagram illustrating the struc- 
ture of an exposure apparatus and a laser appara- 
tus according to a fourth embodiment of the present 
Invention and to its modification. 

Best Modes for Carrying Out the Invention 

(First Embodiment) 

[0048] Referring to FIG. 1 , the structures of an expo- 
sure apparatus main body 11 , which serves as an optica! 
apparatus according to a first embodiment of the 
present invention that is used in the manufacturing proc- 
ess of a micro device such as a semiconductor device, 
and a laser apparatus 12, which serves as an optical 
apparatus used as a laser light source of the exposure 
apparatus main body 11 , will be described next. 
[0049] FIG. 1 is a schematic diagram illustrating the 
structures of the exposure apparatus main body 11 and 
the laser apparatus 12. First, the laser apparatus 12 will 
be described. The laser apparatus 12 has a chamber 
1 5, which serves as a housing, and a light source cham- 
ber 16 defined in the chamber 15 and sen/ing as a first 
airtight chamber. A laser excitation portion 1 7, which 
serves as a light source that emits an ArF excimer laser 
light as Illumination light (hereinafter simply referred to 
as "laser light"), is accommodated in the light source 
chamber 1 6. An aperture 1 8 is formed at one end of the 
light source chamber 16. Also, at one side surface of the 
chamber 1 5, an aperture 1 9 having a shape correspond- 
ing to the aperture 1 8 Is fomried. A disc-shaped partition 
plate 20, which serves as an optical element, is fit into 
the apertures 18,19. The partition plate 20 is made from 
a transparent material (e.g.. quartz, fluorite) that allows 
the transmission of the laser light emitted from the laser 
excitation portion 17. In the first embodiment, the cham- 
ber 1 5 is connected to an air-conditioning apparatus (not 
shown) or an air-conditioning apparatus is arranged in 
the chamber 1 5 and the inside of the chamber 1 5 is k pt 
at predetennined temperature and humidity. However, 
the air-conditioning apparatus need not necessariiy be 
connected to (or be located in) the chamber 15. 



[0050] The laser excitation portion 1 7 has a laser gas 
tube 23, which serves as an optical element, and a front 
mirror 21 and a rear mirror 22, which serve as a pair of 
optical elements positioned at each side of the laser gas 

5 tube 23. A wavelength narrowing element 24, which 
serves as an optical element including a prism, a grat- 
ing, or the like, is arranged between the rear mirror 22 
and the laser gas tube 23. Light generated by electric 
discharge between a pair of electrodes 25 in the laser 

10 gas tube 23 reciprocates between the pair of mirrors 21 , 
22 until the light is amplified to the state of laser oscilla- 
tion. During this process, the wavelength of the light is 
narrowed to a predetermined wavelength band as the 
light passes through the wavelength narrowing element 

15 24. 

[0051] The light source chamber 1 6 is connected to a 
purge gas supply system 28 that supplies purge gas Into 
the chamber. A filter 30, which serves as a cleaning ap- 
paratus, and a temperature-controlled dryer 31 are ar- 

20 ranged in the path of an air supply pipe 29 connecting 
the light source chamber 1 6 and the purge gas supply 
system 28. The filter 30 removes impurities such as or- 
ganic silicides, ammonium bases, or the like from the 
purge gas supplied by the purge gas supply system 28. 

55 The temperature-controlled dryer 31 maintains the tem- 
perature of the purge gas at a predetermined tempera- 
ture and controls the moisture in the purge gas at a level 
of, for example, 5% or lower. 

[0052] The purge gas supply system 28 includes an 

30 Inert gas supply system 33, which serves as a first purge 
mechanism that supplies an inert gas as a first gas from 
a first tank 32 located in a utility plant of the micro device 
plant and a dry air supply system 35, which serves as a 
second purge mechanism that supplies dry air as a sec- 

35 ond gas, from a second tank 34 located in the same 
plant. The inert gas may be a single gas selected from 
nitrogen, helium, neon, argon, krypton, xenon, radon, 
hydrogen or the likeor a mixture of these gases. Further, 
impurities such as oxygen, organic silicides, ammonium 

40 bases, or the like are sufficiently removed from the inert 
gas so that the inert gas is chemically clean and the inert 
gas is dried so that the moisture is 5% or lower. Impuri- 
ties such as organic silicides, ammonium bases, or the 
like are sufficiently removed from the dry air, so that the 

45 dry air is chemically clean, and the dry air is dried so 
that the moisture is 5% or lower. The Inert gas and dry 
air pass through the filler 30 and temperature-controlled 
dryer 31 and are again subjected to the impurity removal 
process and drying process. 

50 [0053] The inert gas supply system 33 includes a nor- 
mally closed type first control valve 36 which is opened 
by a driving force provided from an external apparatus. 
The dry air supply system 35 includes a normally 
opened type second control valv 37 which is closed by 

55 the driving force provid d from the exterior apparatus. 
The first and second control valves 36, 37 are connected 
to a light source control system 38, which s rves as a 
control apparatus, and are opened and closed by a drlv- 
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Ing force provided from the light source control system 
38. The inert gas supply system 33 and the dry airsupply 
system 35 are joined to each other at a downstream of 
the first and second control valves 36, 37 and connected 
to the air supply pipe 29. 

[0054] The light source chamber 16 is connected by 
an air exhaust pipe 39 to an exhaust duct 40, which 
serves as an exhaust apparatus of the micro device 
plant. Further, an outlet 15a of the chamber 15 is also 
connected to the exhaust duct 40. This discharges the 
inert gas and dry air supplied into the light source cham- 
ber 16 from the plant via the exhaust duct 40. Further, 
an exhaust volume monitor 41 , which serves as an ex- 
haust monitoring means or an operation condition de- 
tecting mechanism, is located near the outlet 1 5a of the 
chamber 1 5 to detect the exhaust volume of the exhaust 
duct 40. The detection signal of the exhaust volume 
monitor 41 is provided to the light source control system 
38. 

[0055] Further, an oxygen sensor 42, which serves as 
an environment monitoring means or an operation con- 
dition detecting mechanism, is arranged in the chamber 
15 to detect the oxygen concentration in the chamber 
15. The detection signal of the oxygen sensor 42 is pro- 
vided to the light source control system 38. 
[0056] The exposure apparatus main body 11 will be 
described next. A first lens barrel 46, which serves as a 
second airtight chamber, a reticle stage 47, a second 
lens barrel 48, which serves as a third airtight chamber, 
and a wafer stage 49 are arranged in a chamber 45 of 
the exposure apparatus main body 11 . The reticle stage 
47 holds a reticle R, serving as a mask on which a pre- 
detemnined pattern is fomried, so that the reticle R is per- 
pendicular to the optical axis of the laser light. Further, 
the wafer stage 49 holds a wafer W, which serves as a 
substrate and is coated with a photoresist that is photo- 
sensitive to laser light, so that the wafer W is movable 
in a plane perpendicular to the optical axis of the laser 
light and is finely movable along the optical axis. 
[0057] An Illumination optical system 50 for illuminat- 
ing the reticle R is accommodated in the first lens barrel 
46. The illumination optical system 50 includes a plural- 
ity of mirrors 51 , an optical Integrator 52 (for example, 
a flyeye lens or a rod integrator), a relay optical system 
53, and a condenser lens 54. A reticle blind 55 (field 
stop) for shaping the laser light beam is arranged down- 
stream the relay optical system 53. Further, an aperture 
portion 56a is formed at one end of the first lens barrel 
46, an aperture portion 56b is formed at the other end 
of the barrel 46, and a disc-shaped front partition plate 
57, which serves as an optical element, and a disc- 
shaped rear partition plate 58, which serves as an opti- 
cal element, are fitted into the aperture portion 56a and 
the aperture portion 56b, respectively. A connecting bar- 
rel 59, which serves as a fourth airtight chamber, is fitt d 
between the front partition plate 57 and th partition 
plate 20 of the light source chamber 1 6 in the las r ap- 
paratus 1 2. The laser light that enters the first lens barrel 



46 from the laser apparatus 12 via the connecting barrel 
59 is deflected by the mirrors 51 to correspond to the 
shape of the first lens barrel 46 and transformed at a 
downstream plane of the flyeye lens 52 into a number 
5 of secondary light sources to illuminate the reticle R with 
a uniform illumination distribution. 
[0058] A beam matching unit (BMU) 67 that forms at 
least part of a transmission system is arranged in the 
connecting barrel 59 to guide the laser light emitted from 
10 the laser apparatus 1 2 to the illumination optical system 
50. The BMU 67 adjusts the positional relationship be- 
tween the laser light emitted from the laser apparatus 
12 and the optical axis of the illumination optical system 
50. That is, the BMU 67 includes a plurality of optical 
?5 elements and shifts the laser light by, for example, driv- 
ing at least one optical element (e.g., a mirror). In the 
first embodiment, the connecting barrel 59 also func- 
tions as one of the airtight chambers and corresponds 
to the fourth airtight chamber. 

[0059] Further, although the laser apparatus 12 is lo- 
cated on the same floor as the exposure apparatus main 
body 11 , the laser apparatus 12 may be located, for ex- 
ample, on a lower utility floor. In this case, the connect- 
ing barret 59, which has a transmission system, may al- 
so be arranged between the laser apparatus 1 2 and the 
exposure apparatus main body 11 (illumination optical 
system 50) to keep the entire optical axis in an inert gas 
ambience. 

[0060] A projection optical system 60 for projecting 
the image of the reticle R illuminated by the illumination 
optica! system 50 onto the wafer W is accommodated 
in the second lens barrel 48. The projection optical sys- 
tem 60 includes lenses 61 , which serve as a plurality of 
optical elements. A disc-shaped partition plate 63 is fit- 
ted into the aperture portion 62 of each end of the sec- 
ond lens barrel 48. 

[0061] An aberration compensation plate (for exam- 
ple, a plane parallel plate, made from quartz, fluorite, or 
the like, on which surface fine bumps are formed), not 
shown, for compensating aberration (for example, dis- 
tortion, spherical aberration, coma aberration, or the 
like), especially, the asymmetrical-about-the-optlcal-ax- 
is component of the aberration is arranged at each end 
of the second lens barrel 48. The aberration compensa- 
tion plate may alternatively be used as the partition plate 
63. Further, when a replaceable contamination-preven- 
tion plate (a plane parallel plate, or the like) is provided 
on the wafer side of the projection optical system 60, the 
contamination-prevention plate may be altematively 
used as the partition plate. The contamination-preven- 
tion plate prevents scattered particles, which are pro- 
duced from the resist by the laser light illumination, from 
adhering to the optical element nearest the wafer W of 
the proj ction optical system 60. 
[0062] A waf r loader 64 for exchanging th wafer W 
mounted on the wafer stage 49 is located near the wafer 
stage 49. A wafer exchange door 65 that can be opened 
and closed is arranged near the wafer loader 64 on the 
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wall of the chamber 45. Th wafer W mounted on the 
wafer stage 49 is exchanged by opening and closing the 
wafer exchange door 65. When, for example, the expo- 
sure apparatus main body 11 and a coater-developer 
are connected in an in-line configuration, the wafer W is s 
conveyed between the two apparatuses through the wa- 
fer exchange door 65 by a wafer loader 64, and a cas- 
sette in which a plurality of wafers are contained is ar- 
ranged at a predetermined location in the chamber 45. 
In this case, the wafer W is conveyed between the wafer 
stage 49 and the cassette by the wafer loader 64, and 
the cassette is exchanged by an operator or by an au- 
tomated guided vehicle having a cassette loading mech- 
anism. 

[0063] Further, a reticle exchange door 66 that can be 
opened and closed is arranged near the reticle stage 47 
on the wall of the chamber 45. The reticle R mounted 
on the reticle stage 47 is exchanged by opening and 
closing the reticle exchange door 66. Although not spe- 
cifically Illustrated, a reticle loader is arranged between 
the reticle stage 47 and a cassette (to be exact, a reticle 
library In which a plurality of cassettes are loaded) con- 
taining the reticle R. and the reticle loader loads, un- 
loads, or exchanges the cassette via the exchange door 
65. 

[0064] In the first embodiment, the wafer loader 64 
and the reticle loader are an^anged in the chamber 45. 
However, the wafer loader 64 and the reticle loader may 
be arranged in a housing separated from the chamber 
45. In this case, the inert gas (purge gas) in the chamber 
45 may flow into the housing since the pressure inside 
the chamber 45 is set higher than that inside the hous- 
ing. For this reason, it is preferable that an exhaust duct 
be provided for the housing, and, further, a sensor de- 
tecting the concentration of the inert gas or oxygen in 
the housing may be provided. It is also preferable that 
the exchange doors 65,66 be located at the portion 
where the chamber 45 and the loader housing are con- 
nected. 

[0065] A purge gas supply system 69 similar to the 
purge gas supply system 28 is connected to the con- 
necting barrel 59, the first lens barrel 46, and the second 
lens barrel 48. That is, the purge gas supply system 69 
is also equipped with the inert gas supply system 33, 
which supplies the inert gas from the first tank 32, and 
the dry air supply system 36, which supplies dry air from 
the second lank 34. The inert gas supply system 33 is 
equipped with the first control valve 36, and the dry air 
supply system 35 is equipped with the second control 
valve 37. The first and second control valves 36, 37 are 
connected to an exposure apparatus control system 
73,which serves as a control apparatus or a light source 
control apparatus. 

[0066] Downstream to the filt r 30 and the tempera- 
ture-controlled dryer 31. th purge gas supply system 
69 is connected to the connecting barrel 59 by way of 
an air supply pipe 70, the first lens ban-el 46 by way of 
an air supply pipe 71. and the second lens barrel 48 by 



way of an air supply pipe 72. 

[0067] The connecting ban-el 59 is connected to the 
exhaust duct 40, which is provided at an outlet 45a of 
the chamber 45, through an exhaust pipe 74. The first 
lens ban^el 46 is connected to the exhaust duct 40 
through an exhaust pipe 75, and the second lens barrel 
48 is connected to the exhaust duct 40 through an ex- 
haust pipe 76. This discharges the inert gas and dry air 
supplied into the connecting barrel 59, the first lens bar- 
rel 46, and the second lens barrel 48 from the plant 
through the exhaust duct 40. Some of the inert gas and 
dry air that leaks into the chamber 45 is also discharged 
from the plant through the exhaust duct 40. An exhaust 
volume monitor 77, which serves as an exhaust moni- 
toring means for detecting the exhaust efficiency of the 
exhaust duct 40, is provided near the outlet 45a of the 
chamber 45. The detection signal of the exhaust volume 
monitor 77 is supplied to the exposure apparatus control 
system 73. 

[0068] Further, interior oxygen sensors 78, which 
serve as an operation condition detecting mechanism, 
an environment monitoring means, and an environment 
sensor are provided in the chamber 45. The environ- 
ment sensors 78 are each located In the vicinity of the 
wafer exchange door 65, the reticle exchange door 66, 
or the maintenance area of the illumination optical sys- 
tem 50 to detect the oxygen concentration. The detec- 
tion signals of the environment sensors 78 are provided 
to the exposure apparatus control system 73. The ex- 
posure apparatus control system 73 is also connected 
to an exterior oxygen sensor 79, which serves as an en- 
vironment monitoring means or an operation condition 
detecting mechanism for detecting the environment of 
the exposure apparatus main body 11 (i.e., the oxygen 
concentration in the clean room). 
[0069] Next, the switching operation of the purge gas 
supply systems 28, 29 and the operation of the exposure 
apparatus main body 11 will be described. 
[0070] When the laser apparatus 1 2 and the exposure 
apparatus main body 11 are deactivated, electnc power 
is not supplied to the light source control system 38 and 
the exposure apparatus control system 73. and driving 
force is not supplied to the first and second control 
valves 36, 37. Accordingly, the first control valve 36 is 
closed, and the second control valve 37 is open. In this 
state, the light source chamber 1 6, the connecting barrel 
59, the first lens barrel 46, and the second tens barrel 
48 are connected to the dry air supply system 35 via the 
air supply pipes 29, and 70-72. Thus, dry air is supplied 
to the light source chamber 16, the connecting barrel 
59, the first lens barrel 46, and the second lens barrel 48. 
[0071] When the power supply to the laser apparatus 
12 and the exposure apparatus main body 11 are acti- 
vat d, electric power is suppli d to th light source con- 
trol syst m 38 and the exposure apparatus control sys- 
tem 73, and a predetermined driving force (for example, 
electric power, pneumatic pressure, hydraulic pressure, 
or the like) is supplied to the first control valve 36. This 
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opens the control valv 36. Further, the predetermin d 
driving force is supplied to the second control valve 37. 
This closes the control valve 37. Accordingly, the light 
source chamber 16, the connecting barrel 59, the first 
lens barrel 46, and the second lens barrel 48 are con- 5 
nected to the Inert gas supply systenn 33 via the air sup- 
ply pipes 29, and 70-72. Thus, inert gas is supplied to 
the light source channber 16, the connecting barrel 59, 
the first lens barrel 46, and the second lens barrel 48. 
[0072] In this state, laser light, which is emitted from io 
the laser apparatus 12, illuminates the reticle R by way 
of the illumination optical system 50, and the Image of 
the pattem on the reticle R is transferred to a predeter- 
mined shot area on the wafer W by way of the projection 
optical system 60. Subsequently, the wafer W moves so is 
that the next shot area is brought to the exposure field, 
and the exposure operation is repeated in a stepwise 
manner until all of the shot areas on the wafer W are 
exposed. 

[0073] When a predetermined number of wafers W is 
exposed in this manner, the wafer exchange door 65 is 
opened, and the wafer loader 64 exchanges the prede- 
termined number of wafers W with new wafers W. In this 
state, the interior oxygen sensors 78 near the wafer ex- 
change door 65 detect the oxygen concentration of the ^5 
ambient gas. When the detected oxygen concentration 
Is greater than or equal to the oxygen concentration of 
the atmosphere (for example, 1 8%), the inert gas supply 
to the light source chamber 16, the connecting barrel 
59, the first lens ban-el 46, and the second lens barrel 30 
48 is continued, and the transference of the pattern on 
the reticle R to the new wafers W Is perfomied. 
[0074] On the other hand, when the detected oxygen 
concentration is less than the oxygen concentration of 
the atmosphere, the Inert gas supply to the light source 3S 
chamber 1 6, the connecting barrel 59, the first lens bar- 
rel 46, and the second lens barrel 48 is Immediately 
stopped, and the inert gas supply is switched to the dry 
air supply. That is, the supply of the driving forces to the 
first control valve 36 and the second control valve 37 40 
from the light source control system 38 and the expo- 
sure apparatus control system 73 Is stopped. This clos- 
es the first control valve 36, opens the second control 
valve 37, and supplies chemically clean dry air to the 
light source chamber 16, the connecting barrel 59, the 45 
first lens barrel 46, and the second lens barret 48. Fur- 
ther, the power supply to the electrodes 25 in the laser 
excitation portion 1 7 is stopped, and the laser light os- 
cillation is stopped. 

[0075] Further, when the reticle exchange door 66 Is so 
opened to exchange the reticle R, the interior oxygen 
sensor 78 near the reticle exchange door 66 detects the 
oxygen concentration of the ambient gas. Based on the 
detected oxygen concentration, th purge gas is selec- 
tively switch d, and the laser light oscillation is selec- ss 
tively stopped. 

[0076] The switching operation to the dry air from the 
inert gas and the stopping of the laser light oscillation 



are performed based on on of the detection results of 
the oxygen sensor 42, the interior oxygen sensor 78, 
and the exterior oxygen sensor 79 when the oxygen 
concentration is, for example, less than 18%. The 
switching operation Is also performed when the cham- 
bers 15, 45 are partially opened for maintenance, such 
as when replacing the optical elements of the exposure 
apparatus main body 1 1 and the laser apparatus 1 2 (for 
example, a laser output window ). Further, the switching 
operation is also perfomned to preclude the backf low of 
the inert gas into the chambers 15, 45 based on the re- 
sults of the exhaust volume monitors 41 , 77 even when 
the exhaust volume of the exhaust duct 40 falls below 
a predetermined value. 

[0077] Accordingly, the first embodiment has the ad- 
vantages described below. 

(1) A plurality of the Internal oxygen sensors 78 for 
detecting the oxygen concentration are arranged at 
various locations in the chamber 45 of the exposure 
apparatus main body 11. Also, the oxygen sensor 
42 is provided to detect the oxygen concentration 
In the chamber 15 of the laser apparatus 12. Fur- 
ther, the external oxygen sensors 79 detect the ox- 
ygen concentration In the clean room In which the 
exposure apparatus main body 1 1 and the laser ap- 
paratus 12 are Installed. When the oxygen concen- 
tration in the ambient gas detected by the oxygen 
sensors 42, 78. 79 is greater than or equal to the 
oxygen concentration of the atmosphere, the light 
source chamber 16, the connecting barrel 59, the 
first lens barrel 46, and the second lens barrel 48 
are supplied and purged with the inert gas. 

Thus, contaminants such as organic silicides, 
ammonium bases, or the like are prevented from 
entering the light source chamber 16, the connect- 
ing barrel 59, the first lens barrel 46, and the second 
lens barrel 48. Therefore, clouding caused by the 
deposition of the contaminants on the surface of 
each optical element in the light source chamber 16, 
the connecting barrel 59, the first lens barrel 46, and 
the second lens barrel 48 is suppressed. As a result, 
the temporal decrease in the laser light intensity at 
the reticle R and the wafer W, changes In the optical 
characteristics of the illumination optical system 50 
and the projection optical system 60 (for example, 
transmittance, aberration, magnification, or the 
like), and changes in the variation of the illumination 
distribution within the laser light illumination areas 
on the reticle R and the wafer W are avoided or 
drastically reduced. Thus, the pattem on the reticle 
R is always accurately transferred to the wafer W, 
and the throughput of the exposure apparatus is 
maintained at a high lev I. Furthermore, the absorp- 
tion of the laser light by oxygen is also reduced. This 
prevents high attenuation of the laser light int nsity 
at the reticle R and the wafer W. Therefore, accurate 
and efficient transference of the pattern on the ret- 
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icle R to th wafer W is enabled. 

(2) When the oxygen concentration in the ambient 
gas detected by the oxygen sensors 42, 78, 79 is 
less than the oxygen concentration of the atmos- 
phere, the purge gas supplied to the light source s 
chamber 1 6, the connecting barrel 59, the first lens 
barrel 46, and the second lens barrel 48 is switched 

to the dry air from the inert gas. Therefore, even 
when the henneticity of, for example, the light 
source chamber 16, the connecting barrel 59, the io 
first lens barrel 46, and the second lens barrel 48 
decreases, the inert gas does not leak into the 
chambers 16, 45 and further into the clean room. 
Thus, a satisfactory working environment in the 
clean room is maintained. In this state, the dry air is 
is supplied to the light source chamber 1 6, the con- 
necting barrel 59, the first lens barrel 46, and the 
second lens barrel 48. This prevents the entrance 
of the contaminants and suppresses clouding of 
each optical element. This is particularly effective so 
when helium, which is lighter than nitrogen, is used 
as the purge gas. 

(3) The exhaust volume monitors 41 , 77, which de- 
tect the exhaust volume of the inert gas discharged 
from the plant, are provided in the duct 40. When 
the exhaust volume detected by the exhaust vol- 
ume monitors 41 and 77 is less than a predeter- 
mined value, the purge gas supplied to the light 
source chamber 16, the connecting barrel 59, the 
first lens barrel 46, and the second lens barrel 48 is 30 
switched to the dry air from the inert gas. Therefore, 
even if the exhaust efficiency is decreased for some 
reason, the inert gas does not flow backward Into 

the chambers 15, 45 and further into the clean 
room. Thus, the clean room is maintained in a sat- 3s 
isfactory working environment. 

(4) When the power supply to the exposure appa- 
ratus control system 73 and the light source control 
system 38 is stopped because of, for example, pow- 
er outage or a long shutdown, the dry air is auto- 40 
matically supplied to the light source chamber 16, 

the connecting barrel 59, the first lens barrel 46, and 
the second lens barrel 48. Therefore, especially in 
the case of along shutdown, contaminants do not 
adhere to or deposit on any surface of the optical 45 
elements of the light source chamber 1 6, the con- 
necting barrel 59, the first lens barrel 46, and the 
second lens barrel 48. Thus, the clouding of each 
optical element is suppressed for a long period, and 
the clean room is maintained in a satisfactory work- so 
ing environment. 

(5) Internal oxygen sensors 78 are located near the 
reticle exchange door 65, the wafer exchange door 
66, and also near the maintenance area of the illu- 
mination optical system 50. Therefor , in the cham- 55 
ber 45, the oxygen concentration of the ambient gas 
near the areas wher the operator frequ ntly ap- 
proaches is always maintained at a level of greater 
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than or equal to a pr determined value. 

(6) The employed Inert gas and dry air are chemi- 
cally cleaned and dried to a sufficient level. There- 
fore, the clouding of each optical element is sup- 
pressed. 

(7) The purge gas supply systems 28, 69 are 
equipped with the filter 30 and the temperature-con- 
trolled dryer 31 . Therefore, the purge gas supplied 
to the light source chamber 1 6, the connecting bar- 
rel 59, the first lens ban^el 46, and the second lens 
barrel 48 is further cleaned and dried. Therefore, 
clouding of each optical element is further sup- 
pressed. 

(8) The front partition plate 57 and the rear partition 
plate 58 are fitted into the aperture portion 56a and 
the aperture portion 56b of the first lens barrel 46, 
respectively, and the partition plate 63 is fitted into 
the aperture portion 62 of each end of the second 
lens barrel 48. Also, the partition plate 20 Is fitted 
into the aperture 18 of the light source chamber 1 6. 
Therefore, none of the optical elements accommo- 
dated in the light source chamber 16, the first lens 
barret 46, and the second lens barrel 48 are directly 
exposed to the atmosphere even when the expo- 
sure apparatus main body 11 and the laser appara- 
tus 12 are separated. Therefore, contamination of 
the surfaces of the optical elements is prevented. 

(9) The light source chamber 16 is accommodated 
in the chamber 15, and the first lens barrel 46 and 
the second lens barrel 48 are accommodated in the 
chamber 45. Therefore, the inert gas in the light 
source chamber 16, the first lens barrel 46, and the 
second lens barret 48 does not directly leak into the 
clean room. Further, the atmosphere In the clean 
room does not directly contact the light source 
chamber 1 6, the first lens barrel 46, and the second 
lens barrel 48. Thus, the deposition of contaminants 
on the optical elements is suppressed. 

(Second Embodiment) 

[0078] Next, refen^ing to FIG. 2, an exposure appara- 
tus mairi body 11 and a laser apparatus 12 according to 
a second embodiment of the present invention will be 
described mainly focusing on portions differing from the 
first embodiment. In the second embodiment, as shown 
in FIG. 2, the configuration of a dry air supply system 91 
differs from that of the first embodiment. That is, the dry 
air supply system 91 is equipped with a dry air tank 92, 
which serves as a holding means that stores and holds 
dry air. The dry air tanks 92 are detachably installed in 
the chambers 15, 45. When the supply of dry air to the 
light source chamber 16, the connecting barrel 59, the 
first lens barrel 46, and the second lens barrel 48 is nec- 
essary, dry air is supplied from th dry air tank 92 
through air supply pipes 29, and 70-72. 
[0079] Thus, the second embodiment has the advan- 
tages described below in addition to advantages (1)-(9) 
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of the first embodim nt. 

(10) The dry air tanks 92 are provided in the expo- 
sure apparatus nnain body 1 1 and the laser appara- 
tus 12. Therefore, the light source chamber 16, the 
connecting barrel 59, the first lens barrel 46, and 
the second lens barrel 48 are purged with dry air 
even when the exposure apparatus main body 11 
and the laser apparatus 12 are separated from the 
utility plant of the micro device plant. Thus, the in- 
terior of the light source chamber 1 6, the connecting 
barrel 59, the first lens barrel 46, and the second 
lens barret 48 remain clean even when the expo- 
sure apparatus main body 11 and the laser appara- 
tus 12 are transferred and assembled and clouding 
of each optical element is suppressed. 

(11) Each of the chambers 15 and 45 is Independ- 
ently provided with the dry air tank 92. Therefore, 
even when the exposure apparatus main body 1 1 
and the laser apparatus 12 are separated, the fight 
source chamber 1 6, the first lens barrel 46, and the 
second lens barrel 48 are purged with dry air. This 
facilitates transportation of the exposure apparatus 
main body 11 and the laser apparatus 12. 

(Third Embodiment) 

[0080] Next, referring to FIG. 3. an exposure appara- 
tus main body 1 1 and a laser apparatus 12 according to 
a third embodiment of the present invention will be de- 
scribed mainly focusing on the portions differing from 
the first embodiment. In the third embodiment, as shown 
in FIG. 3, the purge gas supply system 69 equipped in 
the exposure apparatus main body 11 is connected not 
only to the connecting barrel 59, the first lens barrel 46, 
and the second lens barrel 48 but also to the light source 
chamber 1 6 in the laser apparatus 1 2 through an air sup- 
ply pipe 1 01 . Accordingly, no purge gas supply system 
is provided in the laser apparatus 12. In this case, the 
detection signals of the oxygen sensor 42 and the ex- 
haust volume monitor 41 are provided to the exposure 
apparatus control system 73. 

[0081] Further, a reticle stage chamber 102 enclosing 
the reticle stage 47 is arranged in the chamber 45. The 
reticle stage chamber 1 02 Is connected to the purge gas 
supply system 69 through an air supply pipe 1 03 branch- 
ing from the air supply pipe 29 and to the exhaust duct 
40 through an exhaust pipe 104. A front chamber 105 
is defined between the reticle stage chamber 102 and 
the reticle exchange door 66, and the reticle stage 
chamber 102 and the front chamber 105 are separated 
by an open/close door 1 06. The internal oxygen sensors 
78 is located in the front chamber 105. A reticle library, 
not shown, is arranged in the front chamber 1 05, The 
r tide loader may be arranged in the front chamber 1 05. 
[0082] A wafer stage chamber 1 07 enclosing the wa- 
fer stage 49 is arranged In the chamber 45. The wafer 
stage chamber 1 07 is connected to the purge gas supply 
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system 69 through an air supply pipe 108 branching 
from the air supply pipe 29 and is to the exhaust duct 
40 through an exhaust pipe 109. A front chamber 110 is 
defined between the wafer stage chamber 107 and the 

s wafer exchange door 65, and the wafer stage chamber 
107 and the front chamber 110 are separated by an 
open/close door 111. The intemal oxygen sensors 78 
are located in the front chamber 1 1 0. Further, the wafer 
loader 64 is normally located in the front chamber 110 

10 and moved into the wafer stage chamber 107 or out of 
the chamber 45 when necessary, such as when ex- 
changing wafers. 

[0083] Further, a purge gas recovering system 115, 
which serves as a recovering apparatus, Is connected 
'5 to the exhaust port of a blower 1 1 4 for forcibly discharg- 
ing the gas In the exhaust duct 40. A filter 30, which re- 
moves impurities from the recovered purge gas, and a 
dryer 117, which serves as a cleaning apparatus and 
dries the recovered purge gas, are arranged from the 
upstream side in the recovering pipe 116 of the purge 
gas recovering system 115. 

[0084] The recovering pipe 116 bifurcates down- 
stream to the dryer 117. A first recovering pipe 118 is 
connected to the first tank 32 through the first control 
valve 36. The first control valve 36 is opened by the driv- 
ing force provided from the exposure apparatus. control 
system 73, and the inert gas is recovered in the first tank 
32 through the first recovering pipe 118. A second re- 
covering pipe 119 is connected to the second tank 34 
through the second control valve 37. The second control 
valve 37 is closed by the driving force provided from the 
exposure apparatus control system 73, and dry air is re- 
covered in the second tank 34 through the second re- 
covering pipe 119. 

[0085] Although, in the third embodiment, the inert 
gas and dry air are separately recovered, only the inert 
gas may be recovered. Further, when helium is used as 
the inert gas (purge gas), a refrigerating machine may 
be arranged upstream to the dryer 117 (but downstream 
to the filter 30). The refrigerating machine, for example, 
cools the recovered mixed gas to the liquid nitrogen tem- 
perature by means of adiabatic compression cooling, 
liquefies the air constituents, and separates the liquefied 
air from the purge gas (helium gas). Subsequently, the 
helium gas kept in a gaseous state in the refrigerating 
machine is recovered in the first tank 32 though the first 
recovering pipe 118 and reused (recycled). The lique- 
fied air is vaporized in a recovering bomb, not shown, 
and recovered in the second tank 34 through the second 
recovering pipe 119. 

[0086] In the third embodiment the inert gas and dry 
air are recovered in the first tank 32 and second tank 
34, respectively. However, in addition to the first tank 32, 
th first recovering pipe 1 1 8 may be conn ct d to a re- 
covering tank that differs from the first tank 32 to tem- 
porarily store the helium gas in the recovering tank and 
the first tank 32. Further, a supply pipe 33 may be con- 
nected to the recovering tank and the first tank 32. After 
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mixing the helium gas from the two tanks at a predeter- 
mined ratio, the mixed heiium gas is supplied to the ex- 
posure apparatus main body 1 1 and the laser apparatus 
12. In this case, by independently adjusting the supply 
volume from each tank with, for example, an open/close 
valve, the helium concentration may always be main- 
tained at a constant level or greater. Such adjustment 
of supply volume may be performed with the recovered 
dry air. 

[0087] Thus, the third embodiment has the advantag- 
es described below in addition to advantages (1)-(9) of 
the first embodiment. 

(1 2) The exposure apparatus main body 1 1 and the 
laser apparatus 1 2 share the purge gas supply sys- 
tem 69. Thus, the purge gas supply system 28 of 
the laser apparatus 12 is eliminated, and the 
number of parts is reduced drastically. 

(13) The reticle stage 47 is accommodated in the 
reticle stage chamber 102, and the wafer stage 49 
is accommodated in the wafer stage chamber 107. 
Therefore, the interior of the reticle stage chamber 
102 and the wafer stage chamber 107 may be 
purged with, for example, inert gas. This suppress- 
es the attenuation of the laser light in the stage 
chambers 1 02, 107. Thus, the pattern on the reticle 
R is accurately and efficiently transferred to the wa- 
fer W. 

(14) The purge gas recovering system 115 for re- 
covering the purge gas exhausted from the exhaust 
duct 40, separating the gas Into the inert gas and 
dry air, is provided. Thus, through the reuse of the 
purge gas, the running costs of the exposure appa- 
ratus main body 11 and the laser apparatus 12 can 
be reduced. 

(Fourth Embodiment) 

[0088] Next, referring to FIG. 4, an exposure appara- 
tus main body 1 1 and a laser apparatus 1 2 according to 
a fourth embodiment of the present invention will be de- 
scribed mainly focusing on the portions differing from 
the third embodiment. 

[0089] In the fourth embodiment, as shown in FIG. 4, 
an ambient air intake apparatus 1 31 , which serves as a 
supply source of dry air, is connected to the dry air sup- 
ply system 36. The ambient air intake apparatus 131 
draws in air from the clean room and has a chemical 
filter and a HEPA filter, which remove impurities (organic 
substances, ammonium bases, or the like) from the air, 
and a dryer, which reduces the humidity of the air chem- 
ically cleaned by the filters to a level of about 5% or less. 
In this manner, the ambient air intake apparatus 131 
generates chemically clean dry air and suppli s th dry 
air to the dry air supply system 36. 
[0090] Furth r, a nitrogen generating apparatus 132. 
which serves as a supply source of an inert gas (in this 
case, nitrogen), Is connected to the inert gas supply sys- 



tem 33. The nitrogen generating apparatus 132 draws 
in air from the clean room and has a chemical f ilter and 
a HEPA filter, which remove impurities (organic sub- 
stances, ammonium bases, or the like) from the air and 

5 an extractor, which extracts nitrogen from the air chem- 
ically cleaned by the filters. In this manner, the nitrogen 
generating apparatus 132 generates chemically clean 
and high-purity nitrogen and supplies the nitrogen to the 
inert gas supply system 33. Additionally, a dryer may be 

10 provided in the nitrogen generating apparatus 1 32 to ad- 
just the humidity of the nitrogen. 
[0091 ] The fourth embodiment may also be applied to 
the first and second embodiments. In this case, the am- 
bient air intake apparatus 131 is connected to the dry 

15 air supply systems 35, 91 shown in FIGS. 1 and 2, and 
dry air is supplied from the ambient air intake apparatus 
131 . Further, the nitrogen generating apparatus 132 Is 
connected to the inert gas supply system 33, and nitro- 
gen is supplied from the nitrogen generating apparatus 

20 132. In the second embodiment, a selector valve may 
be provided for the dry air supply system 91 to selec- 
tively supply dry air to the air supply pipe 29 from the 
dry air tank 92 and the ambient air intake apparatus 1 31 . 



[0092] The present invention may be modified as de- 
scribed below. 



30 (1) As shown in FIG. 4, internal air-tight-chamber 
oxygen sensors 136 may be positioned In the light 
source chamber 16, the connecting barrel 59, the 
first lens barrel 46, and the second lens barrel 48. 
The oxygen sensors 136 may also be applied to the 

35 first, second, and third embodiments. The oxygen 
sensors 136 detect the concentrations of the resid- 
ual oxygen in the light source chamber 1 6, the con- 
necting barrel 59, the first lens barrel 46, and the 
second lens ban^el 48 when the purge gas is 

40 switched to dry air (second gas) from the inert gas 
(first gas). The oxygen sensors 136 provide signals 
indicating the concentrations of the residual oxygen 
to the exposure apparatus control system 73, which 
serves as a light emission control apparatus. The 

45 exposure apparatus control system 73 controls the 
laser apparatus 12 so that the emission of Illumina- 
tion light is prohibited until the concentrations of re- 
sidual oxygen in the light source chamber 16, the 
connecting barrel 59, the first lens ban^el 46, and 

50 the second lens barrel 48 becomes lower than or 
equal to a predetermined value (e.g., 1%). 

Such control prevents the emission of the illu- 
mination light from the laser apparatus 12 until the 
light source chamber 16, the connecting barrel 59, 

55 the first lens barrel 46, and the second 1 ns barrel 
48 are sufficiently purged with the inert gas. Since 
the illumination light is emitt d only when the resid- 
ual oxygen concentration is lower than or equal to 
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the predetermined value, the attenuation of the illu- 
mination light energy and the generation of ozone 
are suppressed. Thus, a stable amount of exposure 
energy is obtained from the illumination light. Fur- 
ther, in the first and second embodiments, a signal s 
indicating the residual oxygen concentration may 
be provided to the light source control system 38 to 
perfomi a similar control. 

(2) The laser apparatus 1 2 may be controlled so that 

the emission of illumination light is prohibited until io 
a predetermined time, which is pre-measured, 
elapses after the purging of the inert gas is started. 
The predetemnined time is the time period required 
for the residual oxygen concentration to become 
lower than or equal to the predetermined value. ^5 

(3) The operation for discharging gases to the ex- 
haust duct 40 from the light source chamber 1 6, the 
first lens barrel 46, the second lens barrel 48, the 
connecting barrel 59, and the chambers 15, 45 may 

be selectively performed. For example, when the so 
residual oxygen concentration detected by the ox- 
ygen sensor 1 36 is less than or equal to the prede- 
termined value, the discharge of inert gas from the 
exhaust duct 40 is stopped, and when the purge gas 
is manually switched to dry air from the inert gas by 
an operator to perform maintenance, the discharge 
operation is performed. When purging is performed 
by dry air, the inert gas is discharged from the plant 
with no residual in the light source chamber 16, the 
first lens barrel 46, and the second lens barrel 48, 30 
the connecting barrel 59, and the chambers 15. This 
maintains a satisfactory working environment such 
as when performing maintenance. 

(4) A gas having an oxygen concentration approxi- 
mately equal to or greater than that in the atmos- 35 
phere, for example, pure oxygen or mixed gas con- 
taining oxygen and inert gas, may be used as dry 

air. 

(5) Instead of detecting the exhaust volume of the 
exhaust duct 40 with the exhaust volume monitors -^o 
41 , 77, the flow velocity of gas in the duct 40 may 

be detected by a flow velocity meter. 

(6) In the first and second embodiments, the parti- 
tion plates 20 and 57 may be removed after the ex- 
posure apparatus main body 11 and the laser ap- ^5 
paratus 12 are connected. 

(7) In the third and fourth embodiments, the partition 
plates 20, 57, 58, 63 may be removed after the ex- 
posure apparatus main body 11 and the laser ap- 
paratus 12 are connected. so 

(8) In the first and second embodiments, a switching 
control for supplying the purge gas supply system 
69 of the exposure apparatus main body 1 1 and the 
purg gas supply system 28 of the laser apparatus 

12 with different inert gas and dry air may be p r- ss 
form d. 

(9) At least one of the light source chamb r 1 6, th 
first lens barrel 46. the second tens barrel 48, and 



the connecting barr 1 59 may be divided into a plu- 
rality of airtight chambers. Especially, the first lens 
ban-el 46 may be divided into a plurality of airtight 
chambers by the reticle blind 55. In this case, each 
airtight chamber is treated as a unit, and the work- 
ability during installation and maintenance is im- 
proved. 

(1 0) At least one of the light source chamber 1 6, the 
first lens barret 46, the second lens banrel 48, and 
the connecting barrel 59 may include a plurality of 
airtight chambers. Such multiple airtight chamber 
configuration prevents the inert gas in the light 
source chamber 1 6, the first lens banrel 46, the sec- 
ond lens barrel 48, and the connecting barrel 59 
from leaking directly into the chambers 15, 45. Fur- 
ther, the atmosphere in the clean room is prevented 
from directly contacting the light source chamber 
16, the first lens barrel 46, the second lens barrel 
48, and the connecting barrel 69. Thus, a satisfac- 
tory working environment is maintained, and the 
deposition of the contaminants on the optical ele- 
ments is suppressed. 

(1 1) In each embodiment, the BMU 67 can be omit- 
ted. 

(1 2) A KrF excimer laser light source, an F2 excimer 
laser light source, or a light source emitting a har- 
monic of a YAG laser or a metal vapor laser may be 
used in lieu of the ArF excimer laser light source. 

(13) The present invention is embodied in a one- 
shot exposure type exposure apparatus, which 
transfers the image of the pattern on the reticle R 
to the wafer W with a step-and-repeat method. Al- 
ternativety, the present invention may be embodied 
in a scanning type exposure apparatus in which the 
reticle R and the wafer W are moved in synchroni- 
zation, and the pattern image is transferred to the 
wafer W by a step-and-scan method. Further, the 
present invention may be applied to a mirror projec- 
tion type exposure apparatus or to a proximity type 
exposure apparatus. The projection optical system 
may be a dioptric, catoptric, or cata-dioptric system, 
and may further be a reduction, unit-magnif Nation, 
or enlarging magnification system. Further, even 
when the exposure apparatus does not use a pro- 
jection optical system, the present invention may be 
applied to a laser light source and Illumination opti- 
cal system. 

(14) Although the dioptric type projection optical 
system 60 is accommodated in the second lens bar- 
rel 48, the second lens barrel 48 may include a plu- 
rality of lens barrels, and a cata-dioptric projection 
optical system may be accommodated In the bar- 
rels. 

Cata-dioptric projection optical systems having 
a beam splitter and a concave mirror, which sen/e 
as reflective optical elements, such as those de- 
scrib d in Japanes Unexamined Patent Publica- 
tion No. 8-171054 (and corresponding U.S. Patent 
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No. 5,668,672), and Japanese Unexamined Patent 
Publication No. 10-20195 (and corresponding U.S. 
Patent No. 5,835,275) or cata-dioptric projection 
optical systems having a concave mirror or the like, 
which serves as the reflective optical elements and 5 
does not employ a beam splitter, such as those de- 
scribed in Japanese Unexamined Patent Publica- 
tion No. 8-334695 (and corresponding U.S. Patent 
No. 5,689,377) and Japanese Unexamined Patent 
Publication No, 10-3039 (and corresponding U.S. io 
Patent Application No. 837,605 (filed on June 12, 
1997) may be used as the cata-dioptric projection 
optical system. 

Also, a cata-dloptric system such as that de- 
scribed in Japanese Unexamined Patent Publica- »5 
tlon No. 10-104513 (and U.S. Patent No. 
5,488,229) may be employed. The cata-dioptric 
system Includes a plurality of refractive optical ele- 
ments and two mlnrors (a main mirror, which is a 
concave mirror, and a sub-mirror, which is a rear- ^ 
surface mirror having a reflecting surface formed on 
the opposite side of an incident surface of a refrac- 
tive element or a parallel plane plate) that are co- 
axially arranged. The main mirror and the sub-mir- 
ror re-image an intemnediate image of a reticle pat- 
tern, which is formed by the plurality of refractive 
optical elements, on a wafer. In the cata-dioptric 
system, the main mirror and the sub-mirror are ar- 
ranged continuously from the plurality of refractive 
optical elements. Illumination light passes through 30 
part of the main mirror to be reflected sequentially 
by the sub-mirror and the main mirror Then, the il- 
lumination light passes through part of the sub-mir- 
ror and reaches the wafer. 

Further, for example, a reduction system, which 35 
has a circular image field, is telecentric on an object 
surface side and an image surface side, and has a 
projection magnification of 1/4 or 1/5, may be used 
as the cata-dioptric type projection optical system. 
Further, i n the case of a scanning type exposure ap- 40 
paratus equipped with this cata-dioptric projection 
optical system, the illumination area of the illumina- 
tion light may be a slit-like rectangular area having 
a center, which Is substantially the optical axis of 
the projection optical system in the view field of the 
projection optical system, and extends along a di- 
rection generally perpendicular to the scanning di- 
rection of a reticle or wafer. By using a scanning 
type exposure apparatus equipped with such cata- 
dioptric projection optical system, a fine pattern im- so 
age of about 100 nm US can be accurately trans- 
ferred on a wafer even when, for example, an Fg 
excimer laser light having a wavelength of 157nm 
is used as the exposure illumination light. 
(15) Although the present invention is embodied in S5 
the exposure apparatus main body 11, which man- 
ufactures semiconductor devices, the present in- 
vention may also be embodied in an exposure ap- 
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paratus that manufactures, for example, a liquid 
crystal display device, an image pick-up device, and 
a thin film magnetic head. 

(16) The present invention may also be applied to 
an exposure apparatus that transfers a circuit pat- 
tern on a glass substrate, a silicon wafer, or the like 
to manufacture a reticle or a mask. In an exposure 
apparatus using DUV (deep-ultraviolet) light orVUV 
(vacuum-ultraviolet) light, a transmission -type reti- 
cle is generally used. Quartz glass, F-doped quartz 
glass, fluorite, magnesium fluoride, or quartz may 
be used as the reticle substrate, A reflection-type 
mask is used in an EUV exposure apparatus. In a 
proximity-type X-ray exposure apparatus or an 
electron beam exposure apparatus, a transmission- 
type mask (stencil mask, membrane mask) Is used, 
and a silicon wafer may be used as the mask sub- 
strate. 

(17) Instead of the ArF excimer laser or the F2 ex- 
cimer laser, a harmonic wave, which is generated 
by amplifying single-wavelength laser light of the in- 
frared or visible band emitted from, for example, a 
DFB semiconductor laser or a fiber laser, with a fiber 
amplifier doped with erbium (or both of erbium and 
ytterbium) and converting the amplified light into ul- 
traviolet light with a nonlinear optical, crystal may 
be used. Specifically, when the oscillated single- 
wavelength laser wavelength is in the range of 
1.51-1.59nni, an 8-th harmonic wave In the range 
of 189-199nm or a 10-th harmonic wave in the 
range of 151-159nm may be obtained. In particular, 
when the oscillated wavelength is set in the range 
of 1. 544-1 .553M.nn, an 8-th hannonic wave in the 
range of 1 93-1 94nm, i.e., ultraviolet light of approx- 
imately the same wavelength as that of ArF excimer 
laser light, is obtained. When the oscillated wave- 
length is set in the range of 1 .57-1 .58|im, a 10-th 
hannonic wave in the range of 157-158nm, i.e., ul- 
traviolet light of approximately the same wave- 
length as that of Fg excimer laser light, is obtained. 
Further, when the oscillated wavelength is set in the 
range of 1 .03-1 .12|im, a 7-th harmonic wave in the 
range of 1 47-1 60nm is obtained. In particular, when 
the oscillated wavelength is set in the range of 
1 .099-1 ,106 \in\, a 7-th hamrionic wave in the range 
of 157-158 nm. I.e., ultraviolet light of approximately 
the same wavelength as that of F2 excimer laser 
light, is obtained. An ytterbium-doped fiber laser 
can be used as a single-wavelength laser, 

(18) Instead of setting the humidity of dry air and 
inert gas to about 5% or lower, the humidity of the 
inert gas may be set at a value exceeding 5%. That 
is, the humidity control of the inert gas may be flex- 
ible compared with that of the dry air. Therefore, a 
humidity controller for adjusting the humidity of th 
inert gas is not necessarily requir d. 

[0093] In the manufacturing process of an exposure 
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apparatus, an illumination optical system and a projec- 
tion optical system, each having a plurality of optical el- 
ements, are incorporated in the exposure apparatus 
main body and undergo optical adjustments. A reticle 
stage and a wafer stage, each being formed from a 
number of mechanical components, are installed in the 
exposure apparatus main body connected with wiring 
and piping. Further, by connecting the purge gas supply 
systems 28, 69 to the light source chamber 1 6, the con- 
necting barrel 59, the first lens barrel 46, and the second 
lens barrel 48, connecting the exhaust duct 40 to the 
chambers 15, 45, and performing overall adjustments 
(electrical adjustment, operation confirmation, or the 
like), the exposure apparatus of each of the above em- 
bodiments is manufactured. It is preferred that the ex- 
posure apparatus be manufactured in a clean room, the 
temperature and cleanliness level of which are control- 
led. 

[0094] A semiconductor device Is manufactured by a 

process including a step for designing the functions and 
perfomnance of the device, a step for manufacturing a 
reticle in accordance with the design step, a step for pro- 
ducing a wafer from a silicon material, a step for expos- 
ing the wafer with the pattern on a reticle by using an 
exposure apparatus of one of the above embodiments, 
a st p for assembling devices (including a dicing proc- 
ess, a bonding process, a packaging process), and a 
step for testing. 



Claims 

1. An optical apparatus including an airtight chamber 
for accommodating optical elements, the optical ap- 
paratus being characterized by: 

a first purge mechanism that supplies a first gas 
Into said airtight chamber; 
a second purge mechanism that supplies a sec- 
ond gas having a composition differing from the 
first gas into said airtight chamber; 
an operation condition detecting mechanism 
that detects an operation condition of said op- 
tical apparatus; and 

a control apparatus that selectively connects 
said airtight chamber to said first purge mech- 
anism or said second purge mechanism based 
on a detection result of the operation condition 
detecting mechanism. 

2. An optical apparatus as claimed in claim 1 , further 
characterized by a light source which emits Illumi- 
nation light. 

3. An optical apparatus as claimed in claim 2, charac- 
t rlz din that said light source includes an excim r 
laser light source which mrts excimer laser light. 



4. An optical apparatus as claimed in claim 1 , further 
characterized by an illumination optical system 
having a plurality of optical elements and illuminat- 
ing a mask with illumination light, wherein at least 

5 some of said plurality of optbal elements of the illu- 
mination optical system are accommodated in said 
airtight chamber. 

5. An optical apparatus as claimed in claim 4, further 
10 characterized by a projection optical system that 

projects at least part of a pattern formed on said 
mask onto a substrate. 

6. An optical apparatus as claimed in claim 1 , charac- 
15 terized in that said first gas is inert gas, and said 

second gas Is oxygen, which has at least the same 
concentration as that in the atmosphere, or mixed 
gas, which contains oxygen. 

20 7. An optical apparatus as claimed in claim 6, charac- 
terized by a cleaning apparatus arranged in a flow 
path of the first gas and the second gas to remove 
impurities from the gases. 

25 8. An optical apparatus as claimed in claim 1 , charac- 
terized in that said optical apparatus includes a 
housing which accommodates said airtight cham- 
ber, said operation condition detecting mechanism 
includes an environment monitoring means which 

30 detects the concentration of a predetermined gas 
inside or outside said housing, and 
said control apparatus switches the purge mecha- 
nism connected to said airtight chamber from the 
first purge mechanism to the second purge mech- 

35 anism based on the detection results of the environ- 
ment monitoring means when the concentration of 
said predetermined gas falls below a predeter- 
mined value. 

40 9. An optical apparatus as claimed in claim 1 , charac- 
terized in that said optical apparatus includes an 
exhaust apparatus connected to said airtight cham- 
ber, said operation condition detecting mechanism 
includes an exhaust monitoring means that detects 

45 the exhaust volume of said exhaust apparatus, and 
said control apparatus switches the purge mecha- 
nism connected to said airtight chamber from the 
first purge mechanism to the second purge mech- 
anism based on the detection results of the environ- 

50 ment monitoring means when said exhaust volume 
falls below a predetermined value. 

10. An optical apparatus as claimed in claim 1 , charac- 
terized in that the purge mechanism connected to 
55 said airtight chamber is switch d from the first purge 
mechanism to the second purge mechanism when 
at least one of said operation condition det cting 
mechanism and said control apparatus is in a de- 
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activated state. 

11. An optical apparatus as claimed in claim 1 , charac- 
terized in that said control apparatus connects said 
first purge mechanism to said airtight chamber 
when said optical apparatus operates and connects 
said second purge mechanism to said airtight 
chamber when a condition for using said first gas is 
not satisfied. 

12. An optical apparatus as claimed in claim 11, char- 
acterized in that said second purge mechanism is 
connected to the airtight chamber when part of the 
housing accommodating said airtight chamber is in 
an opened state, when a power supply of said op- 
tical apparatus is off, or when said optical apparatus 
is being transported, assembled, or adjusted. 

13. An optical apparatus as claimed in any one of 
claims 1-12, further characterized by a holding 
means that stores and holds said second gas. 

14. An exposure apparatus that transfers a pattern of a 
mask to a substrate, the exposure apparatus being 
characterized by: 

a light source which emits illumination light; 
an airtight chamber accommodating at least 
some of a plurality of optical elements disposed 
between said light source and said substrate; 
a first purge mechanism that supplies a first gas 
into said airtight chamber; 
a second purge mechanism that supplies a sec- 
ond gas having a composition differing from 
said first gas into said airtight chamber; 
an operation condition detecting mechanism 
that detects an operation condition of said ex- 
posure apparatus; and 

a control apparatus that selectively connects 
said airtight chamber to said first purge mech- 
anism or said second purge mechanism based 
on a detection result of the operation condition 
detecting mechanism. 

15. An exposure apparatus as claimed in claim 14, 
characterized In that said airtight chamber In- 
cludes a first airtight chamber which accommo- 
dates the optical elements in said light source, a 
second airtight chamber which accommodates at 
least one of the optical elements disposed between 
said light source and said mask, and a third airtight 
chamber which accommodates at least one of the 
optical elements disposed between said mask and 
said substrate. 

16. An exposure apparatus as claimed in claim 14, fur- 
ther charact rized by a recovering apparatus that 
recovers said first gas through at least one of the 
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housing accommodating said airtight chamb r and 
said airtight chamber. 

17. An exposure apparatus as claimed in claim 15, 
5 characterized in that said second gas is chemical- 
ly clean dry air. 

18. An exposure apparatus as claimed in claim 14, fur- 
ther characterized by a sensor that detects the 

10 concentration of either one of said first gas or oxy- 
gen in said airtight chamber, and a light emission 
control apparatus that controls said light source 
based on an output of said sensor. 

IS 19. An exposure apparatus as claimed in claim 18, 
characterized in that said sensor detects said ox- 
ygen concentration, and said light emission control 
apparatus prohibits the emission of said lltumination 
light from said light source until said oxygen con- 

20 centration becomes less that or equal to a prede- 
termined value. 

20. An exposure apparatus as claimed in claim 19, 
characterized in that said airtight chamber in- 

25 dudes a plurality of airtight chambers disposed in a 
light path of said illumination light, a plurality of sen- 
sors are provided in each of said plurality of airtight 
chambers, and said light emission control appara- 
tus controls said light source based on outputs of 

30 said plurality of sensors. 

21 . An exposure apparatus as claimed in claim 20, fur- 
ther characterized by an illumination optical sys- 
tem illuminating said mask with said illumination 

35 light, a projection optical system projecting at least 
part of said mask pattern, which is illuminated with 
said illumination light, onto said substrate, and a 
transmission system disposed between said light 
source and said illumination optical system, where- 
to in said plurality of airtight chambers includes at least 
one of a first airtight chamber provided in said light 
source, a second airtight chamber accommodating 
at least some of optical elements forming said illu- 
mination optical system, a third airtight chamber ac- 
45 commodating at least some of optical elements 
forming said projection optical system, and a fourth 
airtight chamber accommodating at least some of 
optical elements forming said transmission system. 

50 22. An exposure apparatus as claimed In claim 20, 
characterized in that said exposure apparatus in- 
cludes an Illumination optical system which illumi- 
nates said mask with said illumination light, and said 
airtight chamb r includes at least two airtight cham- 

55 bers which accommodates the optk^al el ments of 
the illumination optical system, wherein said at least 
two airtight chambers are each provided with a sen- 
sor. 
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23. An exposur apparatus as claimed in claim 14, 

haracterized in that said control apparatus con- 
nects said airtight chamber to said second purge 
mechanism in order to supply said second gas into 
the airtight chamber when the emission of said illu- 
mination light from said light source Is interrupted 
or stopped. 

24. An exposure apparatus as claimed in claim 23, fur- 
ther characterized by a housing which accommo- 
dates said airtight chamber and an exhaust appa- 
ratus connected to said housing and operated when 
said second gas is supplied. 

25. An exposure apparatus as claimed in claim 24, fur- 
ther characterized by an environment sensor that 
detectes the environment in said housing, wherein 
said exhaust apparatus is controlled based on an 
output of said environment sensor. 

26. An exposure apparatus as claimed in claim 24 or 
25, characterized in that said housing includes ei- 
ther a first chamber which accommodates said light 
source or a second chamber which accommodates 
the exposure apparatus main body. 

27. A laser light source used in an exposure apparatus 
that transfers a pattern of a mask onto a substrate, 
the laser light source being characterized by: 

a tank which stores a second gas, which has a 
composition differing from a first gas that is sup- 
plied during the operation of said exposure ap- 
paratus; and 

piping which introduces said second gas into 
the laser light source when the laser light 
source is separated from said exposure appa- 
ratus. 

28. A gas supply method for supplying a predetermined 
gas to an airtight chamber, which accommodates 
optical elements and is disposed in an optical ap- 
paratus, the gas supply method being character- 
ized by: 

detecting an operation condition of said optical 
apparatus; 

selectively supplying the airtight chamber with 
a first gas or a second gas, the composition of 
which differs from the first gas, as said prede- 
termined gas based on the detection result. 

29. A gas supply method as claimed in claim 28, char- 
acterized in that said first gas Is inert gas, and said 
second gas is oxygen, which has at I ast the same 
concentration as that in the atmosphere, or mixed 
gas, which contains oxygen. 



30. A gas supply method as claimed in claim 29, where- 
in said optical apparatus includes a housing accom- 
modating said airtight chamber, the gas concentra- 
tion in the inside or outside of said housing is de- 

s tected, and. based on the results of the detection, 
said first-gas is supplied to said airtight chamber 
when said gas concentration exceeds a predeter- 
mined value, and said second gas is supplied to the 
airtight chamber when said gas concentration falls 

10 below said predetermined value. 

31 . A gas supply method as claimed in claim 29. where- 
in said optical apparatus includes an exhaust appa- 
ratus connected to said airtight chamber, the gas 

15 supply method being characterized by: 

detecting an exhaust volume of said exhaust 

apparatus; 

and 

20 supplying said first gas to said airtight chamber 

when said exhaust volume is greater than or 
equal to a predetermined value, and supplying 
said second gas to said airtight chamber when 
the gas concentration falls below said predeter- 
25 mined value. 

32. A gas supply method as claimed in claim 29, char- 
acterized in that said first gas is supplied to said 
airtight chamber when said optical apparatus is op- 

30 erated. 

33. A gas supply method as claimed In claim 32, char- 
acterized in that said second gas is supplied to 
said airtight chamber when said airtight chamber or 

35 part of a housing accommodating the airtight cham- 
ber is opened or when a power supply of the optical 
apparatus is off. 

34. A gas supply method as claimed in claim 29, char- 
40 acterlzed in that said optical apparatus includes an 

illumination optical system which illuminates a 
mask with illumination light from a light source, a 
projection optical system which projects at least 
part of a pattern of the mask Illuminated with said 
45 illumination light onto a photosensitive substrate, 
and a transmission system disposed between said 
light source and said illumination optical system, 
wherein said airtight chamber is provided in at least 
one of said Illumination optical system, said projec- 
50 tlon optical system, and said transmission system. 

35. An exposure method for projecting a pattern of a 
mask onto a substrate using a gas supply method 
described in any one of claims 28-34. 

55 

38. An xposure method for projecting a pattern formed 
on a mask onto a substrate, the exposure method 
being characterized by supplying said first gas to 
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said airtight chamber using the gas supply method 
described in claim 32 before projecting said pattern 
onto said substrate. 

37. A device manufacturing method Including a step for s 
projecting a pattern formed on a mask onto a sub- 
strate, the device manufacturing method charac- 
terized by a step of: 

supplying said first gas to said airtight cham- 
ber using the gas supply method described in claim io 
32 before projecting said pattern onto said sub- 
strate is included. 
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